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© Sparkplug. 

© At least one of center and ground electrodes of a spark plug has a thin layer formed by bonding noble metal 
^powder on a rischarge-reteted surface area of the electrode stock of said at least one of said center and 'ground 
^electrodes in accordance with ultrasonic bonding. Instead of the thin layer, a discharge tip may be formed there 
m b y being a hole in the electrode stock, filling noble metal powder, which has been obtained by coating spherical 
^or flaky metal particles with a corresponding noble metal or noble metal alloy, in the hole and then bonding the 
ID thus-filled noble metal powder in accordance with ultrasonic bonding. As a further alternative, a tip made of a 
m noble rnetai or an alloy thereof may be bonded by ultrasonic bonding or resistance welding In the hole with a 
flayer of metal powder of a metal having good high- tern peratura erosion resistance or an alloy thereof interposed 
C\J therebetween. The spark plug enjoys a long operating life. 
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SPARK PLUG 



BACKGROUND OF THE INVENTION 
1) Held of the Invention: 

s 

This invention relates to spark plugs for use in internal combustion engines, particularly, to spark plugs 
equipped with electrodes having improved spark wear resistance. 



70 2) Description of the Prior Art 

In recent years, there is an ever-increasing demand for long-life spark plugs having excellent spark 
wear resistance with a view toward, providing high-perforrnance and maintenance-free internal ccmcusEon 
engines. 3n order to achieve such proicngation of operating life, It has therefore been known to fmprove 

75 spark plugs by using a noble metaJ at discharge-related areas of their center electrodes and ground 
electrodes made of a heat and erosion resistant metallic material such as a nickel alloy. It has hence been 
proposed to use pin-cr sheet-Eke tips of a noble metal material such as platinum or a platinum alloy by 
bonding them in accordance with resistance welding or laser welding. Such pin-like tips however require the 
noble metal material in a large volume, resulting in a higher manufacturing cost On the other hand, such 

20 sheet-like tfps are obtained by stamping circular tips out from blanks of the noble metaJ material. The 
drcufar tips are then bonded. Many stamped blanks are thus resulted, leading to a yield as low as 30% and 
a cause for the Increased manufacturing cost Noble metal alloys which cannot be readily formed into a po- 
or sheet-ttke shape, for example. Pt-fr alloys with 25% or more fr f Rt-Rh alloys with 45% or more Ftfi. pure 
!r and the like have not been used as tips due to their drffTcuft formabt'Bty although they are expected to 

25 improve the spark wear and erosion resistance. Since spark plugs are subjected to a repeated cooling and 
heating cycle in Internal combustion engines, it has been unable to use any nobte metal material so long as 
it tends to devefop accelerated cracking and oxidative erosion at the boundary of Its bending wfrh the 
associated base electrode material by thermal stress caused due to its difference in coefficient of linear 
expansion from the electrode stock. 

SUMMARY OF THE INVENTION 

An object of this invention is to improve the drawbacks of the above-described conventional spark plugs 
35 and to provide a spark plug which is free from wasting of noble metals so as to permit a significant 
reduction to the manufacturing cost and is provided with a noble metal layer of good properties et a di- 
scharge-related surface area of at least one of center and ground electrodes so as to improve its durability. 

Another object of this invention is to increase the bonding strength between each noble metal tip and its 
associated base electrode material so that a spark plug with improved durability is provided. 
40 In one aspect of this invention, there is thus provided a spark plug equipped with at least one 
combination of opposed center electrode and ground electrode and adapted to cause a spark discharge to 
occur between said center and ground electrodes, wherein at least one of said center and ground 
etectrodes has a thin layer formed by bonding noble metal powder on a discharge-related surface area of 
the electrode stock of said at least one of said center and ground electrodes in accordance with ultrasonic 
45 bonding. 

The most suitable thickness of the thin noble metal layer may be range from 0.1 mm to 1.0 mm. The 
particle size of the noble metal powder may range from 10 to 500 urn. Any particle sizes smaller than 
lOxun tend to scatter metal powder by vibrations upon rts ultrasonic bending, thereby making Its bonding 
difficult On the other band, any particle sizes greater than 500 urn require to Increase the stress of 
so ultrasonic bonding, leading to such drawbacks that the electrode stock is susceptible to deformation and the 
eEectrode stock must be worked for the correction of its deformation. It is especially noteworthy that the ' 
spark wear resistance is insufficient rf the thickness of the thin layer is smaller than 0.1 mm but the material , 
is wasted if the thickness exceeds 1.0 mm. in order to enhance the bonding strength between an electrode 
stock and its associated thin layer or when the thin layer is formed into a multi-layered structure, between 
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each adjacent two layers , it is preferable to form a diffused layer of at least 1 urn thick at their boundary 
region upon conducting the ultrasonic bonding or by applying a separate heat treatment. Owing to the 
formation of this diffused layer, it is possible to avoid effectively the separation of the thin layer which would 
otherwise take piace due to the ceding and heating cycle. 

s According to the first aspect cf this invention, ncble metal powder is bended to an electrode stock (a 
nickel or iron alloy) in accordance with ultrasonic bonding to form a thin layer. The thin nobie metai layer 
has been formed by coalescence of metai atoms stimulated by a temperature increase at the boundary 
region owing to fricticnai heat. Since it has not been subjected to any conventional fusion bonding such as 
resistance welding cr laser welding, rt does not undergo coarsening and fragility unlike cast structures. The 

io bonding region between the electrode stock and the associated thin layer Is thus free, even upon repetition 
of a cooling and heating eyefe. from such a danger that It would be broken by occurrence of cracks cr the 
like. 

In the second aspect of this Invention, there is also provided a spark plug equipped with at least one 
combination of opposed center electrode and ground electrode and adapted to cause a spark discharge to 

75 occur between said center and grcund electrodes, wherein at least one of said center and ground 
electrodes has a discharge tip formed by boring a hole in the electrode stock of said at least one of said 
center and ground electrodes at a discharge-related surface area of the electrode stock, Ailing noble metal 
powder, which has been obtained by coating spherical or flaky metai particles with a corresponding noble 
metal or noble metal alloy, in the hole and then bonding the thus-filled noble metal powder In accordance 

2Q with ultrasonic bonding. Owing to the above-described construction, the spark plug operates in the same 
manner as that defined in the first aspect of this invention. According to the second aspect of this invention, 
it Is possible to manufacture spark plugs at a higher yield compared with the use of conventional stamped 
nobie metal tips. The wasting of a noble metal material can be avoided further when the* noble meiaJ 
material Is coated with a base metal to form the noble metal powder. 

25 In a further aspect of thl3 Invention, there is also provided a spark plug equipped with at least one 
combination of opposed center electrode and ground electrode and adapted to cause a spark discharge to 
occur between said center and grcund electrodes, wherein at least one cf said center and ground 
electrodes has a discharge tip formed by boring a hole In the electrode stock of said at least one of said 
center and ground electrodes at a discharge-related surface area of the electrode stock and then bonding a 

3o tip made of a noble metai or an aBoy thereof in the hole with a layer of metal powder of a metal having 
good high-temperature erosion resistance or an alloy thereof interposed therebetween In accordance with 
ultrasonic bonding or resistance welding. Owing to the above-described structure, the thermal stress 
between the electrode stock and noble metal tip is relaxed and their bending is good. Furthermore, the tip 
is bonded to the base material by the interposition of the metal or Hs alfoy having good high-temperature 

55 erosion resistance. There is thus no danger thai the bonding would be broken due to occurrence of cracfc3 
by a cooling and heating cycle. 

The above and other objects, features and advantages of this invention will become apparent from the 
following description of the invention and appended claims, taken in conjunction with the accompanying 
drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
46 Figure 1 is a fragmentary cross-sectional view of a spark plug according to the first aspect of this 

Invention; 

Figure 2 is a fragmentary enlarged cross-sectional view of the spark plug of Figure 1; 
Figures 3(a) through 3(f) shew a production process of the center electrode of the spark plug of 
Figure 1 ; 

so Figures 4{a) and 4(b) illustrate another production process of the center eleciroda of the spark plug of 

Figure 1 ; 

Figures 5(a) through 5(d) depict a production process of the ground electrode of the spark plug of 
Figure 1 ; 

Figures 6(a) and 6(b) show another production process of the ground electrode of the spark plug of 
65 Figure 1; 

Figures 7 and 8 are fragmentary cross -sectional views showing further examples of the cors 
electrode and grcund electrode cf this Invention respectively; 
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Rgures 8 through 16(c) illustrate a spark plug according to the second aspect 0/ this invention, 
namely; 

Figures 9 and 10 are fragmentary cross-sectional views of examples of the center electrode of the 
spark plug according to the second aspect 
5 Figures 11 (a) through 11 (c) are cross-sectional views of metal particles; 

Figures 12(a) through 12(e) illustrate a production process of the center electrode of Figure 9 and 
Figure 12(f) depicts the center electrode of Figure 10 m the same manner as in Figure 12(e); 

Figures 13 through 15 are fragmentary front elevations of examples of spark plugs according to the 
second aspect of this invention, in each of which each ground electrode is provided with a noble metal tip; 
10 Figure 10(a) through (16(c) depicts a production process of each of the ground electrodes shown 

respectively fn Figures 13 through 15; 

Figures 17(a) through 19(b) show the third aspect of this Invention, namely; 

Figures 17(a) through 17(d) illustrates a production process of a ground electrode according to the 
third aspect of this mverrtion; 
rs Figure 18 shows a cross-sectional fragmentary view of a spark plug equipped with a ground 

electrode according to the third aspect of this invention; and 

Figures 19(a) and 19(b) iflustrate test results of a conventional ground electrode 2nd those cf a 
ground electrode according to the third aspect of the Invention. 

20 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

Referring first to Figures 1 and 2 which illustrate the spark plug according to the first aspect of thi3 
invention, numeral 1 indicates a center electrode made of Ni-Si-Mn-Cr, Nf-Cr-Fe (Inconel) or the Bfee alloy 

25 having good heat and erosion resistance. In order to increase its thermal conductivity, Cu or the like is 
usually enclosed within the center electrode 1. Designated at numeral 2 ts an insulator made of high- 
aJurnfna porcelain or the like. The insulator 2 defines an ax/ally-extending bore, in which the center 
electrode 1 is sealed integraBy with a terminal electrode 5 by way of electrically-conductive glass seal 3 
and a resistor 4. Numeral 6 indicates a metal shell which is threaded at numeral 0a for engagement In an 

30 internal combustion engine- The metal shell 8 defines an Internal cavity, in which the insulator 2 is fit The 
metal shell 6 and insulator 2 are fixed together, for exam pie, by caulking the former along Its upper end 
edge 6b against the latter. Designated at numeral 7 is a ground electrode bended to an annular end face 6c 
of the metal shell 6. A spark gap S is defined between the inner end surface cf the ground electrode 7 and 
frie end surface of the center electrode 1. 

36 According to the present invention, thin noble metai layers 10,1 1 are formed on or fn the end surface of 
the center electrode (1) and a cTischarge-related area of the inner end surface of the ground electrode 7 by 
bonding ncble metal powder 9 [see, Figure 3(c) for example] to the end surface and discharge-refeted area 
in accordance with ultrasonic bonding. As exemplary material useful as the noble metal powder 9 in the 
formation of the thin nobfe metal layers 10,11, may be mentioned pure noble metaJs such as Pt Pd, Ir. Ru, 

40 Rh- and Au; afloys of these noble metafa (may hereinafter be called "noble metal alloys* for the sake of 
darificaffon) such as Pt-Pd, Pt-ir, Pt-Ru, PH=*h, PHr-Pd, Pt-Ir-Ru. Pt-Ir-Pd-Ru and Au-Pd alloys: alloyed 
noble metal materials obtained by adding NI, WSi or W to the above noble metals or noble metal alloys, 
including Pt alloys such as Pt-Nt, Pt-W, Pt-WSi and Pt-tr-Ni, Pd a] Joys such as Pd-Ni, Pd-YV, Pd-WSi and 
Pd-Pt-Nf, Ir alloys such as Ir-Ni. Ir-W. fr-WSi and Ir-Pd-Ni, Ru aJloys such as Ru-NI. Ru-W. Ru-WSf and Ru- 

46 Pt-Nf, Rh alloys such as Rh-Ni, Rh-WSf and Rh-Pt-Nl and Au alloys such as Au-Ni. Au-W and Au-WSi; and 
mixtures consisting each of at least two 'of the above noble metals, noble metals alloys and alloyed noble 
metal materials. Besides, alt other Pt-base aJloys may also be used in the practice of this invention." 

A description will next be made of the formation of the thin noble metal layers Figure 3(a) to Figure 3- 
(f) llhjstrate various steps for forming the thin noble metal layer 10 in the end surface 12 of a stock for the 

so center electrode 1 (may hereinafter be called "center electrode stock 1" or merely "electrode stock 1 * for 
the sake of brevity). Referring first to Figure 3(a), there is illustrated the base electrode stock 1 with a cere 
13, which is made of a material having high thermal conductivity such as Cu, enclosed by plastic working or 
the like. A hole 14 of 0.5 - 1.5 mm across and 0.1 - 1.0 mm deep is formed In the end surface 12 of the 
electrode stock 1 [see, Rgure 3<b)]. Here, it should be borne in mind that the term "hole" or "holes" as 

55 used herein does not mean through-hole or through-notes. Referring next to Rgure 3(c), the noble metal 
powder 9, for example, powder made of a Pt-lr(20%) alloy and having a particle size in a range of 10 - 500 
um is filled fn the hole 14 and is then pressed by a plunger 15 in a direction indicated by an arrow so as to 
increase the packed density. Thereafter, as shown rn Figure 3(d), the electrode stock 1 Is fixed in place on 
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a support 16, the lower extremity of a resonant stick 17 of an ultrasonic bonding machine is downwardly 
brought into contact with the powder 9, and a static pressure Is also applied upwardly as indicated by an 
arrow. To the resonant stick 17, a metal hem 18 is then connected in a direction perpendicular rariiaJiy to 
the resonant stick 17. By means of an oscillator 19 r the powder Is uftrascnically bonded and as depicted tn 

6 Figure 3(e) r the thin layer 10 is formed in the hole 14. The end surface of Ihe electrode is then cut Into 3 
desired shape, for example, in such a manner that the side wall of the thin layer 10 is partly exposed [see, 
Figure 3(f)] or the electrode is merely tapered at an end portion thereof to form an non-exposed type, 
thereby forming the center electrode. 

Another example of the production process of the canter electrode is shewn in Figures 4<a) and 4(b). As 

10 is understood from Figure 4{a), a hole 20a is formed in a tip 20 of the ultrasonic bonding machine instead cf 
forming a hole in the end surface of the center electrode stock 1. The tip 20 is then fixed in place on a 
support 21 and the noWe metal powder 9 is filled and pressed in the hole 20a. After fixing me electrode 
stock 1 on the support 16 with te free end down, ultrasonic bonding is* applied from the lower side in the 
same manner as that described above by way of the resonant stick 17 and metal hem 18. As a result a thin 

75 ncble metaJ layer 10* is formed in a state exposed frcm the end surface 12 of the electrode stock 1 as 
depicted in Figure 4(b). 

Figures 5(a) through 5(d) and figures 8(a) and 8(b) Illustrate examples for providing the ground 
electrode 7 with the thin ncble metal layer 11. In Figures 5(a) through 5(d), an hole 23 b formed in the inner 
end surface 22 of a stock for the ground electrode 7 (may hereinafter be called "ground electrode stock 7 n 

20 or merely "electrode stock 7 n for the sake of brevity) [see, Figure 5(a) in particular]. The stock is made of a 
Nl-OFe alloy. The noble- metal powder 9 is then filled and pressed in the ho\e 23 [Figure 5(b)J. As 
illustrated in Figure 5(c), the electrode stock 7 Is mounted cn a support table 24 and tne noble metal 
powder 9 is then bonded by means of the resonant stick 17, metal horn 18 and oscillator 19 of the 
ultrasonic bending machine so that the thin noble metal layer 11 is formed in the hole 23 of the electrode 

25 stock 7 as shown in Figure 5(d). Turning next to Figures 6{a) and 6(b), instead of forming the hole in the 
ground electrode stock 7, the hole 20a is formed in the tip 20 of the ultrasonic bonding machine and the 
resuftant tip 20 is then mounted on the support table 24 as depicted in Figure 6(a). After filling and pressing 
the noble metal powder 9 in the hole 20a, the noble metal powder 9 is bondad in accordance with uftrascnfc 
bonding to form a thin noble metal layer 11' exposed from the inner end surface of the ground electrode 7 

so as shown In Figure B(b). As Illustrated in Figure 2, these ground electrodes are each bonded or welded to 
the annuiar end face 6c of the metal shell 6 by resistance welding and then bent so that the ground 
efectrode 7 is caused to extend to a point opposite to the thin noble metal layer 10 of the center electrode 1 
to form the spark gap 8. incidentally, the hole 23 of the ground electrode 7 and the thin layers 11,11' may 
not necessarily fimrted enly to the circular shapes and they may alternatively be formed into square shapes. 

as Fsgures 7 and 8 tilustraia still other examples of thin noble metal layer according to the present 
invention. The thin noble metal layers 10,11, which are formed respectively on the end surface 12 cf tha 
center electrode 1 and the Inner end surface 22 of the ground electrode 7, are formed respectively into 
multHayered structures cf two layers 10-1,10-2 and three layers 11-1,11-2,11-3 by superposing dissimilar 
noble metal powders as the noble metal powder 9. They may each be formed by a production process 

40 similar to those employed to form the electrodes of Figure 3<a) through Rgure 6(b). For example, a Pt-Ni 
alloy layer 10-1 having good bonding properties may be provided on the side of the electrode stock while a 
Pt4r alloy layer 10-2 featuring excellent spark wear resistance may be provided on the side of the di- 
scharge-related surface area. In this manner, it is possible to maintain a stronger bonding force between an 
electrode stock and Its associated thin noble metal layer. 

*5 In each of the examples Illustrated in Figures 3(a) through 8, ft is desirable for an Increased bonding 
force to form a drffused layer cf 1 u thick or more at the boundary between each* electrode stock and its 
associated thin noble metal layer or at the boundary between each two adjacent layers of each of the multi- 
layered structures upon effecting the ultrasonic bonding. As a matter of fact, a diffused layer of 2 - 5 tun 
thick is formed upon uttrasonic bonding. This drffused layer can be rendered still thicker by applying a heat 

so treatment thereto subsequent to the ultrasonic bonding. 

DurabfUty of thin noble metal layers formed In accordance with this invention will next be described. An 
experiment was conducted in the following manner. There were provided Invention Sample Nos. 1 - 18, 
which had been obtained by bonding various noble metal power samples (particle size: 20 - 300 urn) to 
electrode stocks of a Ni-Cr-Fe alloy to a thin layer thickness of 0.3 mm in accordance with uttrasonic 

55 bencflng, and as a conventional control product. Sample No. 19 obtained by welding a 0.3-mm thick tip of a 
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Pt-lr alloy in accordance with resistance welding. Those samples were repeatedly subjected 1,000 times to 
a heating and cooling cycle which consisted of 3 minutes of burner heating (1 ,000 °C max.) and 3 minutes 
of natural cooling (300 Q C min.). Thereafter, each sample was inspected. As wiD be understood from results 
given in Table 1 , the invention samples were all good. 
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Besides, invention Sample Nos. 2, 3. 6. 14 and 17 were each subjected to a durability test for 100 
hours under 5500 rpm x 4/4 lead by using a 4-cycie, 2,000 c.c. engine. No abnormality was observed cn 
those invention samples. 

5 In the first aspect of this invention, owing to the formation cf thin ncble metal films by bonding their 
corresponding noble metal powder to electrode stocks in accordance with ultrasonic bonding, the thin noble 
metal films can be easily united with their corresponding electrode stocks with a high yield and unlike 
convention spark plugs obtained by fusion-bonding such noble metal powder, the electrode stocics are free 
from em briti foment and can maintain high bonding forces. Moreover, ultrasonic bonding allows tc use 

io materials which have been considered to be unsuitable as materials for thin metal layers. The first aspect of 
this invention has hence brought about such an advantage that long-life spark plugs equipped wfth thin 
nobte metal layers excellent in such properties as spark wear resistance and erosion resistance can be 
provided economically. 

Turning next to the secend aspect cf this invention, Rgure 9 illustrate a spark piug equipped with the 

is center electrode 1 embodying the second aspect of this invention. Designated at numeral 25 is a discharge 
tip according to the second aspect of this invention. The discharge tip 25 has been formed by bending 
noble metai powder in accordance with ultrasonic bonding. As is shown in detail in Figures 1 1 (a) through 
1 1 (c), the noble metaJ powder is composed cf spherical metal particles 28 or flaky metai particles 27 having 
a perticfe size of 1 - 30 urn and Goated wfth a noble metal 28 to a thickness of 0.5 - 30 urn. in Rgure 11 (c), 

20 the coating has a mufti-layered structure composed of two coating layers 28,29 applied one over the other. 
Like reference numerals indicate like dements of structure in the above-described examples according to 
the first aspect of this invention. Description of these elements of structure Is therefore omitted.- 

A description will next be made of the outline of an illustrative production process of trie metal a r toy 
powder which is useful in the production of the center eiectrcde 1. Namely, Rh t Pt, Ir, Pd or Ru £er se or a 

25 Rh-Pt. RrHr, Rh-Pd, Pt-!r, Pt-Pd. ir-Pd, Rh-Pt-Pd, RrHr-Pd, RrHr- Ft or Pt-lr-Pd alloy is coated to a thickness 
of 0JS - 30 um on sprtencaJ or flaky particles (particle size: 1-30 u,m) of re, Nl, W, Mo, Ru, Cr, Co, V, Tl r 
S, Zr, Nb, Ta, Pt, ir, Pd, Re, Ru, Rh or the like [Figures 11(a) and 11(b)]. Attematively. the above-described 
metai particJes and the above-mentioned coating noble metal cr its ailoy may be formulated together in 
•accordance with the mechancchemical process or one or more alloys may be coated" in a muitHayerad 

30 form on the above-mentioned particles to obtain powder 30 shown in Rgure 12(c) [Figure 11(c)! An 
exemplary production process of the center electrode 1 is now described with reference to Rgures 12(a) 
through 12(e). Rrst of all, the stock 1 shown hn Rgure 12(a) is formed Into a cylindrical configuration from 
an alloy such as Nl-Cu-S*~Mn, Ni-Cu-Fe or Ni-Cr-Fe and if needed, the core 13 made cf a materia* having 
good thermal conductivity such as Cu or Ag Is fit centrally In the stock 1 so that the core 13 is dad by the 

35 StOCk 1. 

The hole 14 ts then formed to a depth of 0.2 mm - 1.0 mm in the top surface of the center electrode 
stock 1 [Rgure 12(b)] and the noble metal powder 30 prepared above rs filled In the hoie 14. The powder 
30 is then pressed in the hole 14 by a press 31 [Rgures 12(d) and 12(d)], Similar to the process shown in 
Rgures 3{a) through 3<f), the tip 25 is formed by ultrasonic bonding. 

40 The thus-obtained central eiectrcde. 1 Is thereafter cut suitably at the peripheral end wall .or end surface 
thereof [Rgure 12(e)], followed by *rts assembly in the insulator 2 to complete a spark plug. 

As illustrated in Rgure 12(f), it is also feasible to form a pkiraJfty of tips by drilling the same number of 
holes 32 in the top surface of a center electrode stock and then filling and ultrasonically bending the noble 
metal powder 30 In the holes in accordance with the steps shown in Rgures 12(c) and 12(d) respectively. A 

46 spark pfug equipped with this center electrode 1 Is depicted in Rgure 70. 

In addition, Rgures 13 through 16(c) illustrate examples of the ground electrode 7 to which the noble 
metal powder 30 has been bonded. Namery, the noble metal powder 30 is bonded as tips in accordance 
with steps depicted respectively in Rgures 16(a) through 16(c). In Rgure 16(a), a hole 23 of 0.6 - 1.5 mm 
across and 0.05 mm - 1,0 mm deep Is formed in a straight-angled wire made of a heat-resistant alloy such 

so as Ni-Cr-Si-Mn or Ni-Cr-Fe at a discharge-related area. The above-described metal powder 30 is then filled 
in the hole 23. The powder 30 is pressed by a press 34 In a direction indicated by an arrow in Rgure 1 6(b). 
so that the packed density of the powder 30 is increased. Upon filling the powder 30, ultrasonic banding 
may be applied. Depending on bonding conditions, its bonding can be achieved to such a high level that 
the subsequent heat treatment can be omitted. 

55 If needed, the above-described wire-fike stock 7 may be subjected to a heat treatment at 900 - 1400°C 
m vacuum or an inert gas so that a noble metal tip 33 having good bonding properties to the heat-resistant 
alloy cf the stock 7 may be formed [Rgure 16(c)]. The thus-obtained eiectrcde stock 7 is welded to the 
annular end face 6c of the metal shell 6 in such a manner that the tip 33 is positioned In the spark gap. 
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Figures 13 thresh 15 illustrate the above-described electrode stocks 7 attached to their associated 
metal shells 6. In Figure 13, the ground electrode 7 Is located in opposrtion to the end surface of the center 
electrode 1. Figures 14 and 15 show other examples, in each of which two ground electrodes 7 are 
provided facing the peripheral end wait cf the center electrode 1 or insulator 2. In each of these exampfes. ft 

5 is mere preferable from the viewpoint cf improved durability to cut eff the end face of the stock so that the 
"ncbJe metal tip 33 of the ground electrode 7 is located en the end face. 

According to the second aspect cf this invention, a powder aJIoy which has been subjected to the 
above-described specal treatment s sintered and bonded as tips to stocks. The second aspect of this 
Invention can therefore bring about an advantage that the tips can be united to their associated stocks with 

ro a high yield. It can also brought about another advantage that spark plugs equipped with tips superb in 
properties such as spark wear resistance and metal erosion resistance can be obtained since the second 
aspect allows to use materials which have been considered to be unsuitable for tips. In particular, the 
second aspect of this Invention requires the expensive noble metaJ in a smaller volume and can hence 
provide spark plugs at a tower manufacturing cost, because it uses the noble metal to coat particles of a 

75 base material. 

A des cripti on will now be made of the third aspect of this inventfon. The outline of a production process 
according to the third aspect is illustrated In Figures 17(a) through 17{d). Although these drawings shew the 
ground electrode, the third aspect of this invention can obviously be applied to the discharge area of a 
center electrode. The electrode stock is inefcatod at numeral 7, which is made of INC600. Numeral 23 
20 Indicates the hole formed in the stock 7 at a position close to the free end cf the stock 7 and having a 
diameter of 1.2 mm and depth (t) of 0.05 -0.2 mm. Designated at numeral 3S Is a drill. Numeral 39 incficates 
metal powder filled suitably in the hole 23. in tfve illustrated example, the metal powder is Pt-20tr (added 
with 20% of k) having a particle size of 1 - 20 itfru There are also shown a noble metal tip 37 made cf Pt- 
201 r and having a diameter of 1-2 mm and thickness of OA mm, a plunger 38 for compacting the above- 
26 fiHed metal powder, and electrode plates 39 for holding the stock 7 and tip 37 with the layer of the metal 
powder 36 interposed therebetween so as to apply ultrasonic bonding or resistance welding. 

First of all, the hole 23 is formed by the drill 35 in the stock 7 of INC 600 [Figure 17(a)], the Ft-201r 
powder 36 having the panicle size of 1 - 20 um is filled in the hole 23 [Figure 17(b)], and after pressing and 
compacting the thus-fPJed powder 36 by means of the plunger 38, the nobte metal tip 37 made of Pt-201r is 
ao * mounted on the thus-compacted powder 38. Thereafter, the stock 7 and tip 37 with the powder 38 
interposed therebetween are held between the electrode plates 39,39 and a current is caused to pass 
between the electrodes 39,39 to conduct resistance welding. Owing to the current, the layer of the powder 
30 is fused so that the tip 37 is bended to the stock 7. As Illustrated in Figure 18, the stock 7 is attached to 
* the end face of the metal shell 6 in the same manner as that described above. 
55 The state of bonding of the noble metal tip 37 formed in the above manner was tested by repeating 500 ' 
times a rteatfng and cooling cycle which consisted of 3 minutes of heating (1.000 © max.) and 3 minutes of 
natural cooling (300*C rnin.). As illustrated in Figure 19(a) r the bending gap s became relatively targe and 
the bonding area became smaller where Pt-201r was bonded directly as the tip 37 to the electrode stock 7 
as in the prior art When a 0.05 - 0-2 mm thick layer of Pt-201r powder having a particle size of 1 - 20am 
*o was interposed as in the above example of the third aspect of this inventfon. it was found that the bonding 
area remained large and the gap s remained small as readily envisaged from Figure 19(b). 

The thickness of the above powder layer may suitably range from 0.05 to 0.20 mm. The particle «*.?e cf 
fe powder may desirably range from 1 to 20 urn. If powder having. a particle size smaller than 1 urn should 
be used, the powder is caused to scatter by vibrations upon its bending, thereby making it dtfncult to form 
4G an intermediate layer which is expected to relax stress. On the other hand, any particle sizes greater than 
20 tun cannot assure any sufficient bonding strength as an intermediate layer and result In lots of air 
trapped in the layer. This air expsn<Ss at an elevated temperature so that the bonding strength is reduced. 
As the material of the powder, powder of a material similar to the material of the ncble metal tip is 
preferred. It is particularly preferred to use a material having a coefficient of linear expansion between the 
w metal tip and the stock and enjoying oxidation resistance even at temperatures above 1,000°C ( for example, 
Pt. Pd, in or Ru per se. an alloy such as Pt-Ir. Pt-Pd, Pt-Rh or Pt-Ru, or as a material other than noble 
metals. Nt-Cr-Fo alloy (lnconel), SLTS310 (20NI-35Cr) or the Cke. 

The third aspect of this invention can bring about an excellent effect in improving the durability of a 
spark plug to such an extent that its discharge-related areas are not damaged unfike conventional spark 
55 plugs even when subjected to a severe cooling and heating cycles. 

Having now fulry described the Invention, "rt will be apparent to one of ordinary skill in the art that many ' 
changes and modifications can be made thereto withe ut departing from the spirit cr scope of the invention - 
as set forth herein. 



10 



0 243 529 



Claims 

1. In a spark plug equfpp-ed with at least one combination of opposed center electrode and ground 
electrode and adapted to cause a spark discharge to occur between said center and ground electrodes, trie 

5 improvement wherein ai least one of said center and ground electrodes has a thin layer formed by bending 
nobJe metal powder on a discharge- related surface area of the electrode stock of said at least one of said 
center and ground electrodes in accordance with ultrasonic bonding. 

2. A spark plug as claimed in Claim 1 , wherein the noble metal pewdar has a particle size in a range of 
10 • 500 urn and the thin layer has a thickness in a range of 0.1 - 1 .0 mm. 

10 3. A spark plug as daimed in Claim 1. wherein the ncble metaJ powder is made of a noble metal 
selected from the group consisting of Pt, Pd, Ru, Ir, Rh and Au, an alloy of the noble metal, or an alloyed 
noble metal material of the noble metal or alloy and NI, W or WSi: or a mixture of at least two metals 
selected from the group consisting of noble metals Pt, Pd, Ru, Ir, Rh and Au, alloys of the noble metals, 
and alloyed ncble metal materials of the ncble metals or alloys and Ni, W or WSE. 

75 4. A spark plug as claimed in Claim 1, wherein the thin layer Is in the form cf a multi-layered structure 
composed of two or more layers formed respectively from dissimilar ncble metal powders. 

5. A spark plug as daimed in Claim 1. wherein a diffused layer of at least 1 um thick Is formed between 
the thin layer and the associated base etectrcde material or between desired two adjacent ones of the two 
or more layers formed respectively from the dissimilar noble metal powders. 

20 6. In a spark plug equipped with at least one combination of opposed center electrode and ground 
electrode and adapted to cause a spark discharge to occur between said center and ground electrodes* the 
Improvement wherein at least one of said center and ground electrodes has a discharge tip formed by 
boring a hole in the electrode stock of said at least ctib of said center and ground electrodes at a di- 
scharge-related surface area of the electrode stock, fliRng noble metal powder, which has been obtained by 

25 coating spherical cr flaky metal partrdes with a corresponding noble metaf, or noble metal altoy. in the hole 
and then bonding the thu3-filled noble metal powder in accordance with ultrasonic bending. 

7. A spark plug as daimed in Claim 6. wherein the metal particles are made of Fe, Ni, Mo, W, Cr, Co, 
Mn ( Mb, V, Zn. Si, Ta, 71, Pt Pd, Re. Ru, Rh or In. 

a A spark plug as daimed in Claim 6, wherein the noble metal or noble metal alloy is Pt, Pd, In. Rh or 

30 Ru per se, or a Rh-Pt, Rh-lr 7 Rh-Pd, PWn, Pt-Pd, Ir-Pd, Rh-Pt-Pd, Rh-ln-Pd. Rh-lrvPt or Pt-ln-Pd aJJoy. 

9. In a spark plug equipped wrth at least one combination of opposed center electrode and ground 
electrode and adapted to cause a spark discharge to occur between said center and ground electrodes, the 
Improvement wherein at least one of said center and ground electrodes has a discharge tip formed by 
boring a hole in the electrode stock of said at least one of said center and ground electrodes at a di- 
ss scharge-reiated surface area cf the electrode stock and then bonding a tip made of a noble metal or an 

alloy thereof In the hole with a layer of metal powder of a metal having good high-temperature erosion 
resistance or an alloy thereof interposed therebetween in accordance with ultrasonic bonding or resistance 
welding. 

10. A spark plug as claimed in Claim 9, wherein the metal powder is made of Pt, Pd. In, Rh or Ru per 
40 ss. or a Rh-Pt Rh-tr, Rh-Pd. Pt-!n, Pt-Pd, Ir-Pd, Rh-Pt-Pd. Rh-ln-Pd, Rh-ln-Pt or Pt-ln-Pd alloy. 

11. A spark plug as claimed in Claim 9, wherein the metal powder is made of a Nf-Cr-Fe alloy cr 
stainless steel. 

12. A spark plug as daimed In Claim 9, wherein the metal powder has a partlcJe size in a range of 1 -20 

Um. 
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